Study objective-The objective of the study was to describe the epidemiology of neural tube defects (NTD) in the eastern region of Ireland using the EUROCAT register of congenital malformations. Design, setting and patients-EUROCAT registries monitor the prevalence of congenital anomalies in defined populations using multiple sources for case ascertainment. All cases of NTD on the Dublin EUROCAT register born between 1980 and 1994 were extracted and analysed. The crude birth prevalence rate for all NTD, spina bifida, anencephaly and encephalocoele were calculated for each year. Parameters measured were: sex ratio, stillbirth rate, proportion of low birthweight babies (<2500 g) and the proportion who were premature (<37 weeks gestation). Main results-Of 821 NTD cases, 419 (51.0%) had spina bifida, 322 (39.2%) had anencephaly, 69 (8.4%) had encephalocoele and 11 (1.3%) were iniencephalic. The crude birth prevalence of NTD decreased fourfold from 46.9/10 000 births in 1980 to 11.6/10 000 in 1994. The downward trend ceased during the early 1990s. Younger mothers had significantly higher rates of NTD aVected births. Twenty two per cent of NTD cases had additional non-central nervous system anomalies. In 40 cases, there was a previous family history of NTD in siblings. Seasonal eVects in birth prevalence were observed. Birth notification was the most frequent mechanism of ascertainment. Conclusion-There was a marked fall in the birth prevalence of NTD during the 15 year period. This change was real and not accounted for by pre-natal screening and diagnostic practises with termination of pregnancy, which is not legally permissible in Ireland. Dietary factors may have had an influence. Rates of NTD in this region are still higher than many other parts of Europe. Primary prevention strategies through increased folic acid intake are necessary to further reduce NTD aVected births. (J Epidemiol Community Health 1999;53:782-788) Neural tube defects (NTD) are major congenital abnormalities of the nervous system that result from incomplete closure of the developing neural tube early in pregnancy. Anencephaly, spina bifida and encephalocoele account for almost all NTD. Ireland and other Celtic countries of the British Isles are known to have high prevalence rates of NTD compared with other parts of Europe.
Neural tube defects (NTD) are major congenital abnormalities of the nervous system that result from incomplete closure of the developing neural tube early in pregnancy. Anencephaly, spina bifida and encephalocoele account for almost all NTD. Ireland and other Celtic countries of the British Isles are known to have high prevalence rates of NTD compared with other parts of Europe. 1 Since 1980, surveillance of NTD in various parts of Europe has been carried out through EUROCAT, which is a concerted action of the European Union for the surveillance of congenital anomalies. [2] [3] [4] [5] The Dublin EUROCAT Registry has monitored NTD in counties Dublin, Kildare and Wicklow in the eastern region of Ireland from 1980 onwards. Health care services in these counties are provided by the Eastern Health Board, whose total catchment population of 1.3 million is covered by the registry. This paper describes the epidemiology of NTD in the region during the 15 year period 1980-1994.
Method
EUROCAT registries use as many data sources as possible so as to achieve a high level of case ascertainment. The Dublin registry uses birth notification forms, death certificates for children under two years, the Hospital Inpatient Enquiry Scheme (HIPE; a computerised system containing diagnostic and other details for cases discharged from paediatric and acute hospitals), karyotyping records, neonatal paediatric listings and maternity hospital necropsy. The latter source is used to ascertain stillbirths with NTD, in addition to birth notification forms. Screening with termination of pregnancy is not undertaken in Ireland for legal reasons and therefore this study is based on live and stillbirths only.
All cases of NTD on the register with birth dates between 1 January 1980 and 31 December 1994 were extracted and analysed. The following items are routinely collected for each EUROCAT case: birth date, sex, single or multiple birth, birth weight, gestation, presence of additional congenital malformations, mother's county of residence, birth date and reproductive history. The proportion of all congenital anomalies on the register accounted for by NTD was calculated. Analysis was carried out by time, place (county of residence of mother) and person. Prevalence (birth) rates per 10 000 births were examined each year for the 15 year study period and by five year periods. The following factors were compared by type of NTD: prevalence, sex ratio, the proportion of cases with a birth weight less than 2500 g, the proportion of cases born before 37 weeks gestation, the proportion of mothers under the age of 35 years and the proportion of stillbirths. Comparisons involving marital status are based on five categories as legally defined in Ireland (married, single, widowed, separated, divorced). Information on cohabiting couples who are single according to this categorisation is not available. The eVect of season of birth on prevalence and the prevalence of each type of NTD by the source of ascertainment were examined. The socioeconomic group (SEG) of NTD cases was examined; SEG is an 11 point non-ordinal scale 6 and has been used by the Central Statistics OYce (CSO) since 1951. The SEG of each NTD case was based on the occupation of the father of the aVected child, using the coding classification of the CSO and we categorised cases as manual and non-manual based on SEG. Denominator birth data for the years 1980-1994 were supplied by the CSO. The latter also provided denominator data on the occupations of fathers of children born in the Republic of Ireland from 1980-1994. Where the occupation was not stated (this frequently occurred when the mother was unmarried), the SEG was categorised as "unknown". Precurrence was defined as birth of siblings with NTD before the index case. Information on aVected siblings born before the introduction of the EURO-CAT register was historical and had been recorded on the data collection form of index cases born in the early 1980s. Data on NTD aVected siblings of index cases born more recently were available from the register also. 
Results
Between 1980-1994, there were 320 750 births in the Eastern Health Board region of Ireland; 9161 children were registered with major or minor congenital anomalies on the Dublin register. Of these, 821 (9.0%) had an NTD. The birth prevalence for NTD during the 15 year period was 25.6 per 10 000 births in the region overall.
Of the 821 NTD cases, 419 (51.0%) had spina bifida, 322 (39.2%) were anencephalic, 69 (8.4%) had encephalocoele and 11 (1.3%) were iniencephalic; the corresponding birth prevalence per 10 000 births was 13.1 for spina bifida, 10.0 for anencephaly, 2.2 for encephalocoele and 0.3 for iniencephaly. There were 330 (40.2%) males, 487 (59.3%) females and the sex of four cases was either unknown or indeterminate. Figure 1 shows the trend in birth prevalence over the 15 years for all types of NTD. There were 124 NTD aVected births in 1980, representing the largest number in the period and this had fallen to 21 NTD aVected births in 1994. The birth prevalence rate for NTD fell from 46.9 to 11.6 per 10 000 births from 1980-1994 ( 2 for linear trend = 119.3, df=1, p<0.001) with a sharp fall during 1980/ 81, followed by a more gradual decline after this, and almost levelling oV from 1989 although rising again in 1992. When the data were divided into five year periods the trend was significant for the periods 1980-1984 ( 2 for linear trend=11.1, df=1, p<0.001) and 1985-1989 ( 2 for linear trend=4.8, df=1, p<0.05) but not significant for the period 1990-1994.
The rates for spina bifida and anencephaly followed a similar pattern during the period. The birth prevalence of spina bifida declined from 27.2 per 10 000 births in 1980 to 5.5 in 1994 ( 2 for linear trend = 86.4, df=1, p<0.0001). Likewise, the birth prevalence of anencephaly fell from 17.8 per 10 000 births in 1980 to 4.4 in 1994 ( 2 for linear trend = 55.1, df=1, p<0.0001). In contrast, the trend had not significantly changed for encephalocoele during the 15 year period, at 1.5/10 000 births in 1980 and 1.65/10 000 births in 1994. The spina bifida/anencephaly ratio for the 15 year period was 1.3 (419/322), the ratio of encephalocoele to other NTDs was 0.09 (69/752). Figure 2 shows the rate of NTD with 95% confidence intervals for mothers in a range of age groups. The risk of having an NTD aVected child decreased with age ( 2 for linear trend = 9.6, df=1, p<0.01). The trends among the diVerent types of NTD were similar; there was a decreasing prevalence of spina bifida as the mothers age at delivery increased ( 2 for linear trend = 7.9, df=1, p<0.01); the same trend was also evident for anencephaly, although it was not statistically significant. There was no association between the rate of NTD and marital status.
We examined the relation between the rate of NTD and parity of the mother for the eight year period 1987-1994 (data on parity before 1987 were incomplete). There was no significant trend for NTD and increasing parity. The birth prevalence rate of NTD during the period was 16.3/10 000. Figure 3 shows the rate for diVerent categories of mother's parity.
Sixteen NTD cases were births from twin pregnancies. Using national data on twinning, the risk of a child of a twin birth having NTD was estimated at 1:441 (22.7/10 000) compared with 1:389 (25.6/10 000) for singleton births (NS). Of the NTD aVected twins, 10 had spina bifida, four were anencephalic and two had encephalocoele. The sex of the non-NTD aVected twin was available for 12 of the twin sets; all except one child was of the same sex as its sibling. One pair of twins (both female) was concordant for spina bifida. All twins except one (anencephalic) were live births. Table 1 shows the characteristics of cohorts of the diVerent types of NTD. The female to male sex ratio was significantly higher for anencephalics and iniencephalics compared with spina bifida and encephalocoele. There were also significant diVerences between the type of NTD with regard to the proportions who were stillborn, born before 37 weeks gestation and who had a birth weight less than 2500 g. There was little diVerence between the proportion of mothers aged over 35 years at delivery and the diVerent types of NTD. The NTD rate among mothers in manual SEGs (26.3/10 000, 95% CI 23.3, 29.3) did not diVer significantly from that of the non-manual group (22.4/10 000, 95% CI 20.2, 24.8). Seasonal variation in the birth prevalence of NTD during the 15 year period was observed. Birth prevalence of NTD was higher in the January-June period at 28.0/ 10 000 compared with a rate of 23.2/10 000 during July-December. Although Freedman's test for any deviation from a uniform incidence was significant (p<0.05), the Ratchet circular scan test and Edwards' test did not reach significance. The peak prevalence occurred in April. When the data were examined by five year periods, a seasonal eVect was only observed during the period 1985-89; the Ratchet circular scan test and Edwards' test were significant (p<0.05) with the peak prevalence in May, and Freedman's test was also significant (p<0.05).
In 40 of the NTD cases, there was a previous family history of NTD in siblings. The total number of siblings of these cases was 1865 giving a precurrence rate for NTD of 2.1% (40/1865), corresponding to a rate of 214/ 10 000 siblings. In 57 of the NTD cases there were other siblings previously aVected with a congenital anomaly (including NTD) giving a precurrence rate for all congenital anomaly of 3.1% (57/1865). Figure 4 shows the trend in NTD birth prevalence in each county. The Wicklow rate showed considerable year to year variation, particularly from 1986-1991 but the overall rate did not diVer significantly from counties Dublin and Kildare combined. There was a significant downward trend from 1980-1994 for Dublin ( 2 for linear trend=104, df=1, p<0.001) and Kildare ( 2 for linear trend=17.8, df=1, p<0.001) but not for Wicklow.
Of the 821 NTD cases in the study, there were 184 (22.4%) cases with additional non-central nervous system (non-CNS) anomalies recorded; 113 had one additional anomaly, 29 had two and 42 had three or more. The total number of anomalies for all cases was 326, table 2 shows the main categories of additional anomaly. Cystic anomalies (16/48) and renal agenesis/dysgenisis (14/48) were the most frequent kidney anomalies recorded and the most frequent cardiovascular anomaly was ventricular septal defect (9/35). Nineteen cases of NTD had abdominal wall anomalies, for example, omphalocoele or gastroschisis. There was no significant diVerence between children born with NTD alone and those with additional anomalies with regard to sex, the proportion weighing under 2500 g, the proportion born before 37 weeks gestation or the proportion who were stillborn. Information on source of ascertainment for each NTD case was available for the period 1989-1994 only. There were 164 cases of NTD during this six year period. In 26.8% (44/164) there was one sole source of ascertainment. Table 3 shows the percentage ascertainment from diVerent sources. As a sole source of ascertainment, birth notification provided a higher percentage of cases than any of the other sources. No cases of anencephaly were ascertained through acute hospitals whereas 60.3% of spina bifida cases were ascertained through this source.
Discussion
Our study is population based and covers a 15 year period of NTD aVected births in a defined geographical region in the east of Ireland with a combined population of 1.3 million (one third of the population of the state). Previous studies of the epidemiology of NTD in Ireland have primarily been hospital based on births in Dublin maternity hospitals using the total number of births in the hospitals as the denominator. A retrospective study of anencephaly and spina bifida 12 during the years 1953-54 and 1961-82 showed a decreasing trend in NTD from 85.4/10 000 in 1954 to 38.0 in 1982. Another study 13 found an incidence of 65/10 000 in the period 1970-75. Although hospital based, these studies use similar definitions of NTD, and their findings generally concur with our study, reflecting a fall in the rate of NTD from the very high levels seen before 1980 to the lower rates of the early 1990s. Another Dublin hospital based study of spina bifida alone 14 for the period 1966-77 showed an incidence of 39/10 000 for spina bifida, but included spina bifida occulta and isolated hydrocephalus in their definition of NTD. There is little information on rates of NTD in other parts of the country, apart from that available from the Galway EUROCAT register, 2 with an NTD rate of 19.3/10 000 births during the same study period as ours. A previous hospital based study 15 in the same region showed an incidence of 29.6/10 000 births for the period 1974-85. A population based study 16 of NTD covering the five year period 1979-84 using early EUROCAT data showed an NTD birth prevalence of 39/10 000 births; the data used are included in the 15 year period covered by our study.
The "Celtic" countries of the British Isles have had a much higher prevalence of NTD during the past 16 years compared with other European countries. 2 Although the birth prevalence of NTD has been falling in European and other developed countries 2 17 18 since the early 1980s, partly attributable to prenatal diagnosis of NTD and selective termination, the total prevalence of NTD (including live births, stillbirths and terminations) has remained relatively stable. This has not been the case in the British Isles. 2 The dramatic fall in the birth prevalence of NTD shown in our study is likely to be real and not influenced by pre-natal diagnostic practises as termination of pregnancy in Ireland is not legally permissible. Residents may travel outside the state to obtain a termination, however, the numbers taking this route are very small (personal communication, National Statistics OYce, London) and unlikely to have influenced the overall prevalence during the study period. The absence of pre-natal screening/termination of pregnancy in Ireland allows description of the epidemiology of NTD under "natural" conditions. Such a study would not be possible in other European countries where termination of pregnancy is legal. The decreasing trend in NTD prevalence observed was most dramatic before the introduction of campaigns in the early 1990s aimed at increasing folic acid intake among women of childbearing age. A similar fall in total prevalence of NTD has also been reported in other Celtic areas of the British Isles. It is unclear why there has been such a marked decline in NTD rates in Ireland since the early 1980s and what environmental factors, if any, may have been responsible or contributed to it. There are no reliable data available on the use of vitamin supplements by women in Ireland before 1995. Changes in patterns of dietary intake over the past 30 years associated with economic prosperity and all year round availability of foods such as vegetables (particularly those containing folic acid) may have had some influence. Overall vegetable consumption increased rapidly in the late 1970s and fell oV in the early 1980s before rising again; however, Ireland is still one of the lowest vegetable and fruit consumers in the European Union. 19 The major producer of breakfast cereals in Ireland began fortifying all their cereals with folic acid since 1987 (personal communication, Kellogg's, UK).
Our study also showed a higher risk of NTD among younger mothers as has been observed in other studies, 20 21 this may in part be attributable to a lower folic acid content in diets of younger women; a national nutrition survey 22 in Ireland in 1990 showed a lower daily folate intake among women aged less than 25 years than those aged 25 to 40 years (the daily folate intake of women over 40 years of age was also lower).
The spina bifida to anencephalic ratio and the encephalocoele to all NTD ratio are similar to those reported previously for the British Isles as a whole. 23 The predominance of female anencephalic births over males in our study is similar to that seen in other countries and likewise the slight female predominance in spina bifida births. Not surprisingly, anencephalic and iniencephalic aVected births had the worst outcome in terms of the proportions who were stillborn and low birthweight, consequent on the severe and lethal nature of the abnormality. Although the non-manual SEGs had a lower rate of NTD in our study, this was not significant. Studies elsewhere have shown lower rates among those where the father's work was non-manual. 20 21 24 We defined the index case as that which was ascertained and registered in the Dublin EUROCAT registry, although some of these had siblings born with NTD before the establishment of the registry. We therefore calculated precurrence rates rather than recurrence rates for NTD cases. The precurrence rate of NTD among family siblings at 2.1% was higher than that seen in a study of precurrence of congenital anomaly in southern Belgium 25 ; Elwood, Little and Elwood 24 cite a general precurrence rate in Europe of 4.6% and that precurrence and recurrence rates do not significantly diVer.
Previous research has shown a predominance of NTD births in the winter months 26 27 particularly in October to December and January to March in the British Isles. This contrasts with a peak in April/May in our study that seems to have been determined by the significant variation during the five year period 1985-89, without much seasonal variation during the other five year periods. However, these results should be interpreted with caution as there is an overall long term downward trend in the data. In a previous Irish study 28 an April peak was also observed.
There was substantial fluctuation in the rate of NTD in two of the three counties-that is, Kildare and Wicklow. In some years, no NTD births were recorded in Wicklow. However, each year Dublin has approximately four times the number of births of the other two counties combined and the NTD birth prevalence in Dublin therefore was the major determinant of the overall trend for the three counties combined.
The importance of using multiple sources of ascertainment is demonstrated by the finding that more than half of spina bifida cases were ascertained through acute hospitals; in contrast, no cases of anencephaly were ascertained from this source. This is likely to be a consequence of anencephaly being easily identifiable at birth with its associated high mortality, whereas cases of spina bifida may be admitted to acute hospitals for care before ascertainment to the registry.
By the mid-1990s the birth prevalence of NTD in this region of Ireland seems to have levelled oV at a rate that is still higher than that of many European regions. Our research team found in 1997 that 16% of pregnant women were taking peri-conceptional folic acid. 29 The protective eVect of folic acid in the prevention of recurrence 30 and primary occurrence 31 32 of NTD has been demonstrated previously. Therefore, if peri-conceptional folic acid use increased to 100%, we could expect a substantial fall in the number of NTD cases in Ireland. It is essential that all women are aware of the importance of peri-conceptional folic acid and are taking it. Fortification of staple foodstuVs in Ireland is under urgent consideration also, as an eVective way of increasing folate intake.
